Introduction {#sec0005}
============

Numerous studies have shown a correlation between the durability of total knee arthroplasty (TKA) and restoration of the normal limb alignment.[@bib0140], [@bib0145], [@bib0150] It is believed that restoration of the mechanical axis with a maximum variation of 3° toward varus or valgus is associated with the best results from TKA.[@bib0140], [@bib0145], [@bib0150], [@bib0155], [@bib0160], [@bib0165] However, some authors have demonstrated that postoperative alignments of the limb outside of the interval of ±3° in the coronal plane are observed in up to 30% of the cases.[@bib0170], [@bib0175], [@bib0180]

In normal knees, the tibial joint surface is at a varus angle of approximately 3° in relation to the mechanical axis, while the femoral surface is at a valgus angle of 9°. Historically, attempts have been made to reproduce this anatomical alignment of the knee in total arthroplasty by cutting the tibia at a varus angle. However, several studies have demonstrated that tibial components placed at varus angles greater than 5° tend to fail due to medial collapse.[@bib0150], [@bib0185]

Incorrect alignment of TKA has been identified as a cause of long-term complications, including accelerated wear,[@bib0190], [@bib0195] premature mechanical loosening of the implant[@bib0140], [@bib0200], [@bib0205] and patellofemoral problems[@bib0210], [@bib0215], [@bib0220] such as patellofemoral instability and patellar fracture.

Thus, it is recommended that the tibial component should be implanted perpendicularly to the mechanical axis of the tibia in the coronal plane. The femoral component is usually implanted at a valgus angle of 5° to 6°, which is the size of angle supposedly necessary for reestablishing a neutral mechanical axis in the limb.

The aim of the present study was to measure the ideal angle for making the distal femoral cut in Brazilian patients who underwent TKA at the Knee Surgery Center of the National Institute of Traumatology and Orthopedics (INTO).

Material and methods {#sec0010}
====================

Between August 2011 and February 2012, panoramic radiographs on 79 patients (22 men and 57 women) were analyzed, thus totaling 107 limbs, in accordance with the inclusion and exclusion criteria listed in [Table 1](#tbl0005){ref-type="table"}.

This study was submitted for evaluation and approval by our institution\'s research ethics committee.

Radiographic evaluation {#sec0015}
=======================

The radiographic evaluation was done on anteroposterior (AP) panoramic radiographs of the lower limbs with weight-bearing on both feet. All the radiographs were produced at the imaging examination center of our service. The examinations were performed with the patients positioned with their limbs at neutral rotation and maximum extension.

In all the radiographic examinations, we defined: (1) the anatomical axis of the femoral diaphysis; (2) the mechanical femoral axis; and (3) the cervicodiaphyseal angle.

The mechanical axis of the femoral diaphysis was defined by a straight line that joined the centers of two circles that were tangential to the medial and lateral cortical bone of the femur. The first circle was located 2 cm distally to the lesser trochanter. The second was at the junction between the distal metaphysis and the femoral diaphysis, as determined using Heim\'s square.[@bib0225]

The mechanical axis was defined in accordance with the current concepts in the literature, as a straight line passing through the center of the femoral head to the midpoint of the width of the distal femur.

The ideal distal femoral cut angle corresponded to the intersection between the anatomical axis and the femoral mechanical axis ([Fig. 1](#fig0005){ref-type="fig"}).

Measurement of the angle formed between the femoral anatomical axis and the line of the femoral neck defined the cervicodiaphyseal angle. Two circles that were tangential to the lower cortex and upper cortex of the femoral neck were used to trace out the line of the neck.

The measurements were always made by two evaluators at different times using the same instruments with precision of the order of millimeters.

Statistical analysis {#sec0020}
====================

Statistical analysis was performed with the aim of evaluating the degree of significance of the parameters measured. The Shapiro-Wilks W test was used to evaluate whether the variance had normal distribution and the Levene test was used to assess its homoscedasticity. The distal femoral cut angles and the cervicodiaphyseal angles were considered to have normal distribution and Student\'s *t* test was used to compare the means. The Statistica 8.0 software was used for the statistical calculations.

Results {#sec0025}
=======

Seventy-nine patients (22 men and 57 women) were studied, with a total of 107 limbs. The patients' mean age was 67 years, with a range from 58 to 86. Surgery was performed on the right side in 53 cases and on the left side in 54 cases.

Seventy knees presented alignment with varus angles between 3° and 20° (mean 8.4°; standard deviation 3.5°). Twenty-six knees presented preoperative alignment with valgus angles between 2.7° and 16° (mean 6.6°; standard deviation 3.1). Neutral preoperative alignment was observed in 11 cases.

The ideal femoral valgus angle ranged from 4.2° to 8.6°, with a mean of 6.3°. [Fig. 2](#fig0010){ref-type="fig"} shows the distribution of the ideal distal femoral cut for the patients studied.

The male patients presented an ideal distal femoral cut of 6.6° (range from 4.9° to 8°), while for the women, 6.2° was the ideal angle for the distal femoral cut (range from 4.2° to 8.6°).

Among the patients with preoperative varus alignment, the ideal distal femoral cut was 6.2° (range from 4.2° to 8.4°). Among the patients with preoperative valgus alignment, the ideal femoral valgus angle was 6.5° (range from 4.2° to 8.6°).

The cervicodiaphyseal angle ranged from 114.3° to 138.3°, with a mean of 127.2°. [Fig. 3](#fig0015){ref-type="fig"} correlates the distal femoral cut and cervicodiaphyseal angle values for each patient.

Among the male patients, the mean cervicodiaphyseal angle was 127.5° (range from 118.1° to 138.3°), while among the women it was 127° (range from 114.3° to 136.5°). The mean cervicodiaphyseal angle identified among the patients with preoperative varus alignment was 127.2° (range from 114.3° to 136.5°), while among those with preoperative valgus alignment, it was 127.1° (range from 115.1° to 138.3°).

Statistical analyses were performed using Student\'s *t* test with a 95% confidence interval. No statistical difference in the ideal distal femoral valgus values or the cervicodiaphyseal angle was observed between the men and women (*p* = 0.57). The statistical analysis on these angles also did not show any statistical difference in comparing the preoperative varus and valgus deformities (*p* = 0.18).

Discussion {#sec0030}
==========

The analysis on the ideal femoral valgus angle showed small absolute angle values. Thus, precise radiographic standards need to be used in panoramic radiographs, especially with regard to controlling the external rotation of the lower limbs while the examination is being performed. Radiographs with rotational deviation of the lower limbs, which most frequently occurs during external rotation, produce larger femoral valgus angles because of the anatomical bowing of the femur along the sagittal axis. This bowing also impedes proper measurement of the anatomical axis of the femoral canal. For this reason, only radiographs with perfect rotational control, such that the lesser trochanter did not appear and the patella was centralized on the knee, were included in this study.[@bib0230]

Another complicating factor in determining the angles was extra-articular deformity, which altered the axes and angles analyzed unpredictably. Radiographs with extra-articular deformity were excluded from the study.

One of the objectives of TKA is to restore neutral alignment of the lower limb through making bone cuts perpendicularly to the mechanical axes of the femur and tibia.[@bib0235] It is a common practice among many surgeons to use the same distal femoral cut angle for all patients and to assume that there is minimal variation in the angle between the mechanical and anatomical axes of different patients' knees. However, some studies have advocated preoperative planning using panoramic radiographs as a means of obtaining alignment that is more precise and individualized.[@bib0240], [@bib0245]

The mean value of the distal femoral cut that was found for the present study population did not show any statistical difference in relation to what was found by Resende et al.[@bib0250] in another Brazilian population. If we had empirically used the mean angle found for the patients in this study, all of them would have had acceptable alignment, while taking into account a permissible error of up to 3°, as put forward in the literature.[@bib0255], [@bib0260] This diverges from the data of one Brazilian author, who found that 19.7% of the population operated had insufficient alignment, based on an acceptable error of 3° in the coronal plan.[@bib0250]

Despite a tendency for the distal femoral cut to be greater in men than in women (6.6° versus 6.2°), there was no statistical difference between the groups, which is concordant with the current literature.[@bib0250], [@bib0265], [@bib0270]

We identified an inverse trend between the cervicodiaphyseal angle values and the ideal distal femoral cut values. This was due to the greater distance of the diaphysis from the central axis of the body in the femoral necks with greater varus angle and the smaller distance of the diaphysis from the central axis of the body in the femoral necks with greater valgus angle.

The preoperative coronal alignment did not significantly correlate with the distal femoral cut in this study. The distal femoral cut value was related to the anatomical factors of the femur, without using any tibial parameter to determine it. This makes us think that the overall alignment of the limb does not influence the distal cut. On the other hand, Deakin et al.[@bib0235] demonstrated a relationship between the distal femoral cut and the alignment of the lower limb, which should be less than 6° in valgus cases and greater than 6° in severe varus cases.

Conclusion {#sec0035}
==========

The mean angle between the femoral mechanical axis and the femoral anatomical axis was 6.3°.

The preoperative coronal alignment and sex did not have any influence on the distal femoral cut.

The cervicodiaphyseal angle had an inverse relationship with the distal femoral cut.
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###### 

Inclusion and exclusion criteria.

  Inclusion criteria                                       Exclusion criteria
  -------------------------------------------------------- ------------------------------
  • Patients awaiting total knee arthroplasty operations   • Secondary osteoarthrosis
  • Primary osteoarthrosis                                 • Osteoarthrosis of the hip
  Failure of conservative treatment                        • Ipsilateral hip prosthesis
                                                           • Previous femoral osteotomy
                                                           • Previous tibial osteotomy
                                                           Extra-articular deformity
